Abstract. The case of a patient with metastatic renal cell carcinoma who exhibited the abscopal effect following treatment by anti-programmed death-1 (PD-1) antibody is presented. A 40-year-old woman was diagnosed with an 8.2-cm renal tumor without distant metastases, and radical nephrectomy was subsequently performed. Pathological examination revealed a clear cell renal cell carcinoma. At 3 months after surgery, the patient developed one lung metastasis. Following treatment with interferon and three types of tyrosine kinase inhibitors, anti-PD1 antibody (nivolumab) was started. During the treatment, para-aortic/supraclavicular lymph nodes and several lung lesions remained, although other lesions decreased markedly. The patient was subsequently treated by palliative radiotherapy to the para-aortic and supraclavicular lymph nodes for pain control. After the radiotherapy, the lung lesions previously refractory to nivolumab started to decrease, probably due to an abscopal effect. Additionally, the laboratory data and Karnofsky Performance Status improved. Histological re-examination of the primary lesion revealed heterogeneity of the immunological microenvironment, which may be associated with the heterogeneity of treatment sensitivity.
Introduction
The introduction of the human programmed death-1 (PD-1) immune checkpoint inhibitor Nivolumab has changed the therapeutic strategy for metastatic renal cell carcinoma (mRCC). Nivolumab has shown to prolong the overall survival of mRCC patients in second line after vascular endothelial growth factor receptor tyrosine kinase inhibitors (VEGFR TKIs) failure (1) . Nevertheless, the efficacy of subsequent therapies that are considered after VEGFR TKIs and immunotherapy failure is still unclear and additional therapeutic strategy is limited. The abscopal effect is a rare phenomenon that was first described over half a century ago (2) , in which tumor regression occurs outside the irradiated sites through activation of the immune system. Recently, the efficacy of cancer immunotherapy combined with radiotherapy (RT) has been suggested (3). We experienced a case of a patient with mRCC who demonstrated the abscopal effect during nivolumab treatment after palliative radiotherapy. This patient had a unique treatment course after the abscopal effect. Furthermore, pathological re-examination of the primary specimen showed unique pathological findings. The unique treatment course with Nivolumab combined with RT and the appearance of abscopal effect might be related to the unique pathological findings.
Case report
A 40-year-old woman who had never been diagnosed with any other disease and malignancy presented with lumbar pain. Computed tomography (CT) showed a left renal tumor with a maximum diameter of 8.2 cm, without distant metastases. She underwent radical nephrectomy, and pathological examination showed a clear cell renal cell carcinoma (ccRCC), stage pT2aN0M0, Fuhrman grade 2. Three months after surgery, she developed two lung metastases. During the following two years, she received various systemic therapies, including interferon-α (3 months), axitinib (9 months), everolimus (3 months), and pazopanib (9 months). However, their effects were transient, and follow-up CT showed progression of lung metastases with pleural effusion and new lesions (right supraclavicular and para-aortic lymph node swellings).
Because nivolumab received government approval in Japan, it was started at 3 mg/kg intravenously every 2 weeks. After 26 cycles, most of the lung nodules had shrunk, and the pleural effusion had disappeared completely ( Fig. 1) . However, several lung nodules and the right supraclavicular and para-aortic lymph nodes were still growing (Fig. 2) . The patient also complained of lumbar pain, probably due to nerve compression by metastatic nodes, and her Karnofsky Performance Status (KPS) deteriorated to 50. Thereafter, palliative radiotherapy (RT) was performed to the right supraclavicular and para-aortic lymph nodes (30 Gy/10 Fr and 40 Gy/20 Fr, respectively). After the RT, nivolumab was resumed. Follow-up CT showed the decrease in size of both irradiated lesions (Fig. 2) , and, interestingly, the nivolumab-resistant lung nodules also appeared to be decreasing after RT (Fig. 3) , probably due to the abscopal effect. The patient's laboratory data also normalized, as shown in Fig. 4 , and her KPS improved from 50 to 100. Her laboratory data and KPS have remained excellent and she has been received 33 cycles of niv after RT (total 64 cycles from induction). Repeat pathological examination of the tumor specimen was performed, including immunohistochemical (IHC) staining. IHC staining using anti-human leukocyte antigen (HLA) class 1 (clone: EMR8-5) showed heterogeneity of the tumor with two staining patterns (components #1 and #2) in the RCC lesion (Fig. 5) . In component #1, RCC cells showed strong membrane-positive staining for anti-HLA class 1 antibody. On the other hand, in component #2, RCC cells showed relatively weak HLA class 1 staining. Infiltration of CD8-positive cytotoxic T lymphocytes (CTLs) also showed heterogeneity. There were many CTLs in component #1, whereas CD8-positive CTLs were few in component #2, suggesting that component #1 RCC was an inflamed tumor, and component #2 RCC was an immune desert tumor (3). Programmed death-ligand 1 (PD-L1) staining using anti-PD-L1 antibody (clone E1L3N) showed that PD-L1 was expressed in component #1 RCC cells, but not in component #2 RCC cells.
Abscopal effect following nivolumab induction in a patient

Discussion
Several prognostic markers have been reported in RCCs (4, 5) , and high C-reactive protein (CRP), low hemoglobin, and thrombocythemia were also reported to be related to poorer prognosis in RCCs (6, 7) . In the present case, the patient showed a relatively good response to nivolumab, and CRP improved partially, whereas anemia and thrombocythemia did not improve with PD1 blockade, even after most of the metastatic RCC lesions had shrunk. Interestingly, after the RT to the metastatic nodes, the nivolumab-resistant lung lesion shrank, probably due to the abscopal effect, and the patient's laboratory data also normalized. High CRP has also been shown to be related to poorer prognosis in melanoma patients treated by cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) blockade (8) . CRP is a product of IL-6 stimulation, and so high-CRP level indicates type 2 helper dominancy in the patient. Surprisingly, laboratory data normalization including CRP indicates the improvement of systematic type 2 helper dominancy that might help to induce new cytotoxic T lymphocytes.
Histological re-examination showed the heterogeneity of the primary RCC lesions in this case, with two components, #1 and #2. In component #1, ccRCC cells strongly expressed HLA class 1 molecule, and many infiltrating CD8 + CTLs were observed in the intra-tumoral region even before anti-PD1 treatment, indicating that the ccRCC cells in component #1 were immunogenic.
The ccRCC cells in component #1 expressed PD-L1, indicating that inhibitory receptor ligand PD-L1 was essential for immunological escape for component #1 ccRCC cells. On the other hand, component #2 ccRCC cells expressed lower levels of HLA class 1 and did not express PD-L1. CD8
+ CTL infiltration was small in component #2 of the ccRCC, indicating that ccRCC cells in component #2 might be less immunogenic, and PD-L1 expression was not necessary for immunological escape. After the abscopal effect, almost all lesions shrank, suggesting that PD1 blockade therapy also became effective in the less immunogenic component, component #2. At this moment, we do not know the mechanisms for how RT transformed ccRCC cells to become sensitive to PD1 blockade; however, RT is known to induce anti-tumor immunity by releasing tumor-associated antigens, over expression of MHC class 1, and release danger signal molecules including High mobility group box 1 protein (HMGB1) and adenosine triphosphate (ATP) (9, 10) . Furthermore, normalization of CRP highly suggest that type 2 helper dominancy was improved to type 1 helper dominancy in this case as described above. These improvements of immunological environment might provoke a different anti-component #2 immunological reaction. This case report has some limitations. we could not perform genetical analysis such as Whole exome sequence in this case, because only limited volume of formalin-fixed paraffin-embedded specimen samples are available in this case.
In summary, this case had a unique treatment course after an abscopal effect by RT. PD1 blockade combined with RT might be an option for RCC patients in whom PD1 blockade monotherapy is ineffective.
